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ABSTRAK 
Akibat dari perubahan iklim di Malaysia telah membawa kepada bencana banjir di 
Perlis yang berlaku pada tahun 2010 yang melibatkan 50,000 mangsa perlu berpindah 
dari rumah mereka ke kawasan penempatan sementara selain menyebabkan kematian 6 
mangsa. Oleh itu, ramalan cuaca pada tahun yang akan datang menjadi perlu dalam 
merancang dan mengurus sumber air dan pencegahan bencana. Walau bagaimanapun, 
isu utama dalam ramalan iklim jangka panjang ialah radiasi tahap yang sesuai di rantau 
tempatan yang dibentangkan dalam Laluan Konsentrasi Perwakilan (RCPs). RCP telah 
diperkenalkan oleh Project Interconduct Coupling Model Fasa 5 (CMIP5) dan 
dibentangkan dalam tiga tahap radiasi yang dikenali sebagai RCP2.6, RCP4.5 dan 
RCP8.5. Setiap RCP mempunyai lintasan pelepasan tertentu dan kemudian 
memancarkan radiasi seterusnya dalam mengubah keseimbangan tenaga masuk dan 
keluar ke dalam sistem Bumi. Ia menganggap keseluruhan radiasi memaksa sehingga 
tahun 2100. Oleh itu, objektif kajian ini adalah untuk mengenal pasti RCP terbaik untuk 
Utara Malaysia (Perlis dan Pulau Pinang) dan untuk menghasilkan trend iklim jangka 
panjang di rantau ini. Berdasarkan hasilnya, terdapat 5 prediktor yang paling dipilih; 
ncepr850, nceptemp, nceprhum, ncepr500 dan ncepp500. Keputusan yang diselaraskan 
dan disahkan menunjukkan bahawa RCP2.6 adalah yang terbaik untuk membentangkan 
tahap pemantauan radiasi di negeri Utara dengan ralat peratusan yang sangat rendah 
iaitu 0.208% dan korelasi ditutup kepada 1. Iklim yang diunjurkan menunjukkan suhu 
dijangka meningkat pada tahun yang akan datang dan mencapai 35˚C dengan kenaikan 
0.01%. Selain itu, Mei dijangka sebagai bulan yang menerima suhu tertinggi sepanjang 
tahun ini. Sementara itu, hujan dijangka berkurangan sebanyak 7.2% (2020), 12% 
(2050) dan 15% (2080). 
iii 
 
ABSTRACT 
Consequence from the climate change in Malaysia had leads to flood disaster in Perlis 
that happened in year 2010 that involved 50 000 victims need to evacuate from their 
house to temporary settlement areas besides caused death of 6 victims. Thus, the 
climate prediction in the future year become necessary in planning and managing the 
water resources and disasters prevention. However the main issue in the long term 
climate prediction was the appropriate level radiation of the local region which 
presented in the Representative Concentration Pathways (RCPs). The RCP has been 
introduced by Coupled Model Intercomparison Project Phase 5 (CMIP5) and presented 
in three radiation levels known as RCP2.6, RCP4.5 and RCP8.5. Every RCP had its 
own specific emissions trajectory and subsequent radiative forcing in altering the 
balance of incoming and outgoing energy into the Earth system. It considers the total 
radiative forcing until year 2100. Therefore, the objective of this study was to identify 
the best RCPs for the Northern Malaysia (Perlis and Pulau Pinang) and to generate the 
long term climate trend at these regions. Based on the results, there were 5 predictors 
which the most been selected ; ncepr850, nceptemp,nceprhum,ncepr500 and ncepp500. 
The calibrated and validated results shows the RCP2.6 was the best to present the 
radiation forcing level at Northern state with very low percentage error which 0.208% 
and correlation closed to 1. The projected climate revealed the temperature is expected 
to increase in the future year and reaches 35˚C with 0.01% increment. Besides that, 
May is expected as the month which receiving the highest temperature through the year. 
Meanwhile, the rainfall is estimated to reduce 7.2% (2020), 12% (2050) and 15% 
(2080).  
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CHAPTER 1 
 
INTRODUCTION 
1.1 Introduction  
 Global warming can be classified as general increase in the earth's near-surface 
air temperature and sea water temperatures which affected the earth populations and 
pollution. This phenomenon remains a pressing issue in a society which consistent to 
the expanded its industrial use since the mid-20th century. Moreover, the global 
warming is a result of the increase in changes climate system due to the enhanced 
anthropogenic emissions of greenhouse gases (GHGs) with carbon dioxide (CO2) that 
primarily released into the atmosphere. Due to human activities, atmosphere 
concentration of CO2 had increase more than 40% during year 1750 and 2011(Shukla 
et al, 2017). The scientists around the world agreed and claimed the global temperatures 
will continue to rise for decades to come, largely due to GHGs produced by human 
activities.  
 The unpredicted rainfall amount nowadays is one of the impacts or sources of 
climate change on hydrological process, especially in extreme event that generate peak 
runoff flow. According to (Strauch et al., 2015), changes in the magnitude and 
frequency of rainfall events includes watershed function are projected of large impacts 
of climate change. For example, in year 2014, heavy rain occurred in December caused 
extreme flood in some states especially in east of Malaysia. Officially, more than 
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100,000 flood victims involved and evacuated from their houses during the flood 
disasters (Muzzamil et al., 2017). Besides that, the floods happened in December 2006 
are also considered the most damaging floods in history of Malaysia. The water level 
recorded during these floods reached 2.75 meters which is the highest level observed 
since 1950. In Perlis, the worst flood happened during year 2010 that involved 50 000 
victims need to evacuate from their house to temporary settlement areas besides caused 
death of 6 victims.  In March 2016, drought phenomena occurred in Northen Malaysia 
especially Perlis and Pulau Pinang. The highest temperature is 39˚C recorded at 
Chuping, Perlis effect of the El-Nino phenomenon and north-eastern monsoon winds 
experienced by the country since October 2015.  
 Since the world became warmer day by day due to increase of global 
temperature, climate change assessment is important to predict the long term weather 
characteristic and short term weather extreme in future. Range of possible future 
climate is needed to be considered since we do not know the future climate that will 
affect the world especially in term of disasters. Therefore, by doing the climate 
assessment, it can help the scientist and populations around the world be prepared for 
the future disasters besides created awareness among the people.  
 To project future climate change resulting from the continuous increase of 
GHGs concentration in the atmosphere, the Representative Concentration Pathway 
(RCP) reanalysis data are used. RCP contains a set of starting values and the estimated 
emissions up to 2100 for each category of emissions (Wayne, 2013). These estimated 
are based on assumptions about economic activity, energy sources, population growth 
and other socio-economic factors. RCPs are divided into four pathways which are 
RCP2.5, RCP 4.5, RCP 6 and RCP8.5 and each RCP was developed by an Integrated 
Assessment Modelling (IAM) group, whose published scenario papers were consistent 
with the base criteria for a particular RCP. 
 For the climate projection, two main approaches for downscaling that can be 
used, which are dynamical downscaling (DD) that involves a nested regional climate 
model (RCM) and statistical downscaling (SD) that employs a statistical relationship 
between a large scale climatic state and the local variations derived from historical data. 
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In this study, statistical downscaling techniques has been chosen and the universally 
multiple linear regression models called Statistical Downscaling Model (SDSM). 
1.2 Statement of the Problem  
 Climate change is a change in the statistical distribution of weather patterns 
when that change lasts for an extended period of time which decades to millions of 
years. Climate change may refer to a change in average weather conditions, or in the 
time variation of weather around longer-term average conditions that is more or fewer 
extreme weather events. Climate change is caused by factors such as biotic processes, 
variations in solar radiation received by earth. Certain human activities have also been 
identified as significant causes of recent climate change, often referred to as global 
warming. 
 In terms of rainfall, there are also have a change, but not all areas have data over 
long periods. Rainfall has increased in the mid-latitudes of the northern hemisphere 
since the beginning of the 20th century.  Historical rainfall trend in Malaysia have 
shown that it is affected by the climate change. For example, rainfall trend in Northern 
Malaysia during 2007- 2016 showed the fluctuated trend where 2007 to 2009 rainfall 
trend were in decreased condition and 2010 to 2012 in increased pattern followed by 
decreased pattern during 2013-2016 (Mohd Zizi et al., 2018).  
 Consequence from the climate change in Malaysia had leads to flood disaster in 
Perlis that happened in year 2010 that involved 50 000 victims need to evacuate from 
their house to temporary settlement areas besides caused death of 6 victims. Besides 
that, flood disaster that occurred in Penang town was inundated by up 4m water level 
after 18-hour storm causes seven people died and thousands evacuated in December 
2017. Besides the flood disaster, drought phenomena occurred in Northern Malaysia 
especially Perlis in March 2016 where the highest temperature is 39˚C recorded at 
Chuping, Perlis effect of the El-Nino phenomenon and north-eastern monsoon winds 
experienced by the country since October 2015. These disasters proved that the climate 
change was a major factor leading to floods and drought in Malaysia. Besides that, 
Perlis and Pulau Pinang were located at the Northern Malaysia that growing rapidly 
with industrialization. The main economy sources were focused on industrial such as 
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